This study examines the usability of unmanned aerial vehicle (UAV) data surveyed just after an agricultural reservoir collapse by comparing the survey results with the simulation results of the HEC-RAS (Hydrologic Engineering Centers River Analysis System) flood wave propagation to the downstream areas. 
However, old reservoirs often do not have adequate structural stability, and the recent record-breaking rainfall events have increased the threats of hydrological stability. Among these reservoirs, 52% are over 70 years old, 22.2% are over 50 years old, and 22.6% are over 30 years old.
Recently, many studies on dam break have been performed, with the resulting damaged areas estimated using many approaches. Carling et al. [2] conducted dam-breach modeling with 1-and 2-dimensional hydraulic models that were specially developed for ice dam failures via piping and overtopping. Sarhadi et al. [3] presented a methodology to assess floodplain mapping at ungauged rivers via 1-dimensional hydraulic inundation modeling. They used high-resolution digital terrain models (DTMs), land use characteristics, and channel properties to identify the critical and vulnerable areas affected by floods in different return periods. You et al. [1] reviewed earth-rock dam safety using high-resolution digital surface model (DSM) data. Evangelista et al. [4] presented the application of a multi-stage first-order centered scheme GMUSTA (Generalized MUlti STAge) to solve a two-phase flow model with four equations. Prakash et al. [5] attempted to simulate the impact of dam-wall failure scenarios using the Smoothed Particle Hydrodynamics (SPH) method on flood inundation, including modeling of dam-wall fragments.
The prediction of flood magnitude at ungauged reaches is an important task in designing river engineering and hydraulic structures and remains a fundamental challenge for hydrologists [6] . Although considerable research has been conducted based on available information for dam-break problems, the lack of data from ungauged regions still remains an issue in providing accurate predictions of flood magnitude, which is a key factor for reliable flood inundation mapping [3] . The most important data required to perform hydrologic and hydraulic dam-break simulations relate to the topographic relationship between the reservoir water level and storage and the cross sections of the stream, including protected lowlands.
A high-resolution DTM or DSM is critical to extract the details of the channel topography, obtain the water surface elevations at the cross sections, and simulate flood inundation and depth [3] [7] . Many studies have considered the HEC-RAS (Hydrologic Engineering Centers River Analysis System) performance by high-resolution DSM extracted from new data sources, such as Light Detection and Ranging (LiDAR) and Synthetic Aperture Radar (SAR) data [8] [9] [10] [11] [12] [13] . In addition to these various studies, the unmanned aerial vehicle (UAV) remote sensing is an easy and increasingly popular approach to obtain high-quality terrain data. The UAV, also known as a drone, is an aircraft combined with a ground control station and communication support equipment that is flown without a pilot on board and can be remote controlled automatically or semi-automatically by using preprocessed programs or artificial intelligence.
Recently, many studies on dam break have been performed, with the resulting damaged areas estimated using many approaches. The technology of UAV remote 
Materials and Methods

Study Area and Input Data
The broken dam is located in the southeastern part of South Korea, with a lati- Figure 1 shows the location of the reservoir, the part of the broken dam, and the cut section of the bank. Figure 2 shows the GIS input data of the upper watershed of the reservoir for the HEC-HMS modeling.
UAV Specification and Imaging Process
A rotary-wing drone of 3.5 kg weight carried with the Sony NEX-5T sensors was used to acquire the image data ( Figure 3 ). It has 4 cm by 4 cm spatial resolution with JPEG image format. Table 1 shows the specification of the drone. The au- 
HEC-HMS and HEC-RAS Model Theory
HEC-HMS and HEC-RAS were used to develop the dam break and inundation modeling. Numerous previous studies have shown these models to provide accurate and useful results in flood-related studies [19] [20].
The watershed runoff to reservoir was modeled using HEC-HMS. HEC-HMS was developed by the US Army Corps of Engineers and designed to simulate the rainfall-runoff processes of dendritic watershed systems. During the runoff process, the infiltration capacity (I a ) is quantified by the Soil Conservation Service-Curve Number (SCS-CN) based on land use and hydrologic soil group. The runoff is calculated from the following set of empirical equations:
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where Q is the runoff, P is the rainfall, S is the maximum potential reten- 
where Q is the flow discharge (m 
Dam-Break Simulation Using HEC-HMS
The dam break was established using HEC-HMS, developed by the US Army
Corps of Engineers. HEC-HMS allows the modeler to choose two different methods for computing outflow through two dam-breach options: overtopping and piping.
Two cases were applied in this study because the break cause was unknown. To apply dam break model, we need information on the collapse width, slope, and shape for collapse duration, cause of collapse, inflow hydrograph, and downstream cross section. The Goeyeon reservoir is a small reservoir and has no specifications related to the reservoir. Table 2 downstream topographic data were collected from a national [24] . Figure 5 shows the flowchart of the study.
Digital Surface Model and Elevation-Storage Curve: UAV Observations
Using the UAV, the DSM (Digital Surface Model) was obtained on August after the collapse of the reservoir. In particular, the elevation-storage curve was calculated via the DSM using Equations ( (8) and (9)) ( Figure 7 and Figure 8 ).
The UAV reservoir terrain detection was possible because the land surface was exposed by the dam break. In this study, the relationship between the reservoir surface area and the reservoir storage was derived by using the DSM from UAV image, Equation (10), and Equation (11) . Because of the lack of basic data such as dam minimum and maximum water levels in reservoir, we estimated water level in reservoir using accurate topographic map. The estimates of the topographic maps are overestimated. In order to calibrate this, we have derived the water level-water surface relation by setting the reported effective storage capacity of 61,000 m 3 to the maximum water level. As a result, the minimum water level is EL. 176.77 m.
The area and the storage capacity of each water level are shown in Table 3 and Figure 8 . Figure 8 . The estimated relationship between reservoir elevation-area-volume a graph using drone derived DSM.
Results and Discussion
Calibration of Watershed Parameters in Ungagged Watershed from HEC-HMS
Calibration of the model with appropriate data is a crucial step in the creation of a reliable basin representation. Watershed parameters such as infiltration coefficients, time of concentration, and baseflow may need modification to produce a best fit between model and observations. However, this study watershed as ungagged watershed has not directly measured runoff at reach or reservoir inflow.
So, watershed parameters such as CN, K, TC were calculated from Equations ((3), (8) , and (9)) without optimization process with observed runoff. Nevertheless, because the model calibration process is necessary, the watershed parameters were adjusted using actual flood map from UAV images. Table 4 shows the final watershed parameters and watershed characteristics. Figure 8 as the boundary conditions, and the results were represented by HEC-GeoRAS. Figure 9 shows the estimated flood mapping results with two dam-break scenarios. To evaluate the performance of the model, the F statistic used Equation (12) to compare the drone and HEC-RAS inundation areas [3] [20] [25] . data by overlapping the reference data with the measurement data [26] . In other words, the intersection area between the two data is divided by the union area, and the value is calculated as the generalized index. The index means indicator that measures the degree of spatial alignment between two data. The reference data in this study is flood trace from UAV and the measured data is each scenario result (Table 5 ). Figure 10 shows the UAV observed damaged areas with 
HEC-HMS Dam Breach and HEC-RAS Inundation Modeling
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Summary and Conclusions
In this study, the flood-damaged areas caused by a dam-break accident were in- The result of the dam-break in this study showed that the reservoir collapsed by overtopping. Overall, we proposed the application method of UAV data in ungagged area such as small reservoir watershed. The result from this study can be used to predict the risk of collapse of old and small reservoirs. Therefore, small and old reservoirs must once again make a safety review in ungagged area C.-G. Jung, S.-J. Kim where flooding has occurred in the past using UAV and modeling to prevent reservoir collapse. Then, action plan is provided for each reservoir level.
